Background and objective: Currently, there is no effective therapy available for liver fibrosis. This study aims to evaluate the efficacy of renin angiotensin system inhibitors on liver fibrosis. Method: Full-text randomized controlled trials in patients with liver fibrosis were identified and included in the metaanalysis. The primary outcome measure was the histological fibrosis score of the liver. Secondary outcome measures included fibrosis area of the liver, serological levels of fibrosis markers, adverse events, and withdrawals. Results: From 6973 non-duplicated entries by systematic search, four randomized controlled trials with 210 patients were identified. The renin angiotensin system inhibitors therapy resulted in a marginally significant reduction in liver fibrosis score (MD = -0.30; 95% CI: -0.62-0.02, p = 0.05) and a significant reduction in liver fibrosis area (MD = -2.36%; 95% CI: -4.22%--0.50%, p = 0.01) as compared with control. The therapy was well tolerated and there was no significant difference in withdrawals between treatment and control groups (RD = 0.00; 95% CI: -0.06-0.06, p = 0.97). Conclusions: Renin angiotensin system inhibitor therapy results in a reduction in liver fibrosis score and liver fibrosis area in patients with hepatic fibrosis with good safety profile. However, randomized controlled trials of high-quality will clarify the effectiveness of renin angiotensin system inhibitors on liver fibrosis.
Introduction
Chronic liver diseases, including chronic viral hepatitis, non-alcoholic fatty liver disease, chronic alcoholic liver disease and others, if untreated, are generally characterized by progressive inflammation and liver fibrosis, which may lead to liver cirrhosis and hepatocellular carcinoma (HCC). [1] [2] [3] The efficacy of current therapies for liver diseases is limited and there are no effective therapies currently available for liver fibrosis.
Liver fibrosis is characterized by the excess production and deposition of extracellular matrix (ECM). A major source of ECM includes hepatic satellite cells (HSCs). 4 HSCs are stimulated by fibrogenic cytokines, one of which is angiotensin II, 5 an effector hormone of the renin angiotensin system (RAS). The profibrogenic effect of angiotensin II is associated with an increased concentration of transforming growth factor β1 (TGF-β1). 6 Previous research has showed that angiotensin II increased the TGF-β1 mRNA expression in the activated HSCs, and this effect was completely blocked by one of the RAS inhibitors, angiotensin II receptor blocker (ARB) candesartan. 7 RAS inhibition causes a decrease in connective tissue growth factor and angiotensin II type-1 (AT1) receptor expression, and is associated with decreased TGF-β1 expression in the injured liver. 8, 9 In vitro experiments demonstrated that telmisartan, another ARB, and AT1 receptor knockdown following exposure of long chain fatty acids reduced cellular lipid accumulation, 10 suggesting that AT1 receptor and its blocker may play a key biological role in the regulation of hepatic lipid metabolism. 10 In another study, RAS was suggested to be involved in the transition of steatosis to steatohepatitis. 11 Steatosis has been shown to be associated with fibrosis severity in chronic hepatitis caused by HBV or HCV infection 12 and non-alcoholic fatty liver disease. 13 Angiotensin II induces contraction and proliferation of HSCs by activating AT1 receptors, which are considered principal effectors of hepatic fibrosis. 14 Studies in various animal models with liver fibrosis showed that angiotensin-convertingenzyme inhibitors (ACEIs)/ARBs may play an important role in anti-liver fibrosis. [15] [16] [17] [18] [19] [20] ACEIs are key negative regulators of the RAS, and function to limit fibrosis through the degradation of angiotensin II, and administration of recombinant ACEIs showed therapeutic potential in liver fibrosis. 21 The ARB losartan was also shown to significantly inhibit the progression of liver fibrosis in a hepatic fibrosis rat model. 22 In humans, many studies have shown the role of RAS in liver diseases. One study found that the circulating RAS components, such as plasma renin and angiotensin II, were markedly elevated in patients with advanced liver disease as compared with healthy controls. 23 Another study demonstrated that elevated circulating angiotensin-converting enzyme (ACE) level may be used as a marker of fibrosis in patients with chronic hepatitis B. 24 A recent study also showed that serum ACE levels may offer an easy, accurate and inexpensive noninvasive method for differentiating significant from nonsignificant liver fibrosis in autoimmune hepatitis. 25 Treatment with losartan resulted in a significant decrease in hepatic fibrosis marker, plasma TGF-β1. 26 Two retrospective studies found that hypertensive patients receiving ACEIs or ARBs had less fibrosis than hypertensive patients who did not receive these drugs. 27, 28 A pilot study showed that losartan could improve the liver fibrosis stage. 29 Two prospective studies found that, in early stage cirrhosis and nonalcoholic steatohepatitis patients, ARBs could improve aminotransferases and decrease TGF-β1 levels. 26, 30 However, the effectiveness of ACEIs/ARBs on liver fibrosis is conflicting. A 48-month follow-up revealed that single treatment with ACEI did not exert inhibitory effects on hepatic fibrosis. 31 In a hepatitis C long-term treatment against cirrhosis trial, continuous ACEIs/ARBs use for 3.5 years did not retard the progression of hepatic fibrosis. 32 Several randomized controlled trials (RCTs) investigated the role of ACEI/ARBs in liver fibrosis with conflicting findings. 23, [28] [29] [30] The aim of this study was to conduct a systematic review in relation to the role of ACEI/ARBs in the treatment of liver fibrosis and a meta-analysis of RCTs assessing the efficacy and safety of using ACEI/ARBs for liver fibrosis.
Methods

Search strategy
Eligible trials were identified up to 30 April 2014 through electronic searches of The Cochrane Library, PubMed, Medline (Ovid), Web of Knowledge, Elsevier (ScienceDirect OnLine, SDOL), SpringerLink, and Wiley InterScience. The references of identified trials were hand-searched. Search terms were: "renin angiotensin aldosterone system", "renin angiotensin system", "angiotensin converting enzyme inhibitors", "angiotensin receptor blockers", "RAAS", "RAS", "ACEI", "ARB", and "liver fibrosis" and "hepatic fibrosis".
Inclusion and exclusion criteria
Inclusion and exclusion criteria were determined by two researchers (QZ and NL). Studies were considered to be included in this review if they met the following inclusion criteria: (i) English language; (ii) describing a pharmacological intervention for liver fibrosis or hepatic fibrosis; (iii) using ACEIs/ARBs therapy; (iv) liver fibrosis score and area or blood liver fibrosis marker undertaken at baseline and study end; (v) the participants without infection with HIV. The RCT would be considered to be included in meta-analysis. All other studies not meeting the inclusion criteria were excluded.
Data extraction and outcome measures
Data were extracted independently by two reviewers (QZ and NL) and validated by a third reviewer (ZL). The following data were extracted: primary author, year, and study design, numbers of patients randomized and lost during follow-up, and dosage and duration of intervention.
The primary outcome measure was histological fibrosis score of the liver. Secondary outcome measures included fibrosis area of the liver, serological levels of fibrosis markers, adverse events, and withdrawals.
Methodological quality score of the included studies
The quality of the RCTs was assessed by the Jadad score system. 33 The Jadad score system is the only known 5-item scale developed with standard scale development techniques and has been used to assess the quality of RCTs for almost two decades. It is a simple, short, and reliable approach. The Jadad scores would be higher and more consistent if quality assessment was blinded; the inadequate allocation concealment would exaggerate treatment efficacy in RCTs. 34, 35 Therefore, the Jadad score system was used to assess the quality of the RCTs.
Data synthesis and statistical analysis
Continuous data were presented as mean difference (MD) with a 95% confidence interval (CI). Inter-study heterogeneity was assessed with χ 2 tests and the I 2 measure. 36 I 2 value < 25% was regarded as no heterogeneity. Meta-analysis was performed in Review Manager 5 (The Cochrane Collaboration, Oxford, England). Random effects model was used when a significant heterogeneity exists among the studies analyzed. Adverse events and withdrawals were reported as a risk difference (RD, 95% CI).
Results
Search
A total of 6973 non-duplicated entries were identified by the systematic search, and titles were reviewed. Abstracts and full texts were obtained for articles to determine eligibility for inclusion. Fifteen papers were included in this rev iew [27] [28] [29] [30] [31] [32] [37] [38] [39] [40] [41] [42] [43] [44] [45] (Table 1) and four RCTs 30, 40, 43, 44 (Table 2) were identified and included in the meta-analysis (Figure 1 ). The reasons for excluding the 11 studies from meta-analysis are listed in Table 3 .
Patient characteristics
Two hundred and ten patients, including 148 male and 62 female, with liver fibrosis of various etiologies, participating in the four studies met the inclusion criteria. The mean age was 55.5 (18-75) years. Of the 210 patients, the etiologies of liver fibrosis were: 101 alcoholic, 101 viral and 8 other causes.
Interventions
For the intervention, all the studies used ARBs: one study used olmesartan for treatment and no treatment as control, 43 one used candesartan for treatment and no treatment as control, 40 one used losartan plus ursodeoxycholic acid (UDCA) for treatment and UDCA as control, 30 and one used candesartan plus UDCA for treatment and UDCA as control. 44 Details of treatment and control medication and duration are shown in Table 2 .
Fibrosis score of the liver
Two of the four studies underwent liver biopsy before study entry and at the end of the study and provided sufficient data for the calculation of mean differences and 95% CI of histological fibrosis score evaluated according to the METAVIR scoring system. 30, 44 The ARB therapy showed an insignificant but marginally positive effect on fibrosis score (MD = -0.30, 95% CI: -0.62-0.02, P = 0.05; Figure 2 ). No significant heterogeneity between these studies was observed (I 2 = 0%, P = 1.00; Figure 2 ).
Fibrosis area of the liver
Two of the four studies provided sufficient data for the calculation of mean differences and 95% CI of fibrosis area of the liver (%), 30, 44 which was expressed as the percentage of the total area measured using an image analysis system. 30, 44 The ARB therapy resulted in a significant reduction in fibrosis area in comparison with control (MD = -2.36, 95% CI: -4.22--0.50, P = 0.01; Figure 3 ). There was a modest heterogeneity among these studies (I 2 = 52%, P = 0.15; Figure 3 ).
Fibrosis markers of the liver
The serological levels of fibrosis markers assessed with sufficient data for the calculation of mean differences and 95% CI were type IV collagen in two studies 30, 43 and TGF-β1 in three studies. 30, 40, 43 ARB therapy was not associated with decreased levels of type IV collagen as compared with control (MD = -0.64, 95% CI: -1.63-0.36, P = 0.21). There was a modest heterogeneity between the studies (I 2 = 51%, P = 0.15). The ARB therapy was not significantly associated with reduction in TGF-β1 levels as compared with control (MD = -3.71, 95% CI: -9.39-1.97, P = 0.20; Figure 4) . A significant heterogeneity existed among the studies (I 2 = 77%, P = 0.01; Figure 4 ).
Adverse events and withdrawals
ARBs were well tolerated by all patients in all of the studies, 30, 40, 43, 44 except one patient in one study did not complete the study because of symptomatic hypotension. 43 Overall, there was no significant difference in withdrawals in the treatment and control groups (RD = 0.00; 95% CI -0.06-0.06, P = 0.97). Details regarding adverse events and withdrawals are provided in Table 4 .
Methodological quality of the included studies
The quality assessment for each study is shown in Table 2 . No study was double-blinded. No study had > 5% loss to follow-up.
Discussion
In many animal models for liver fibrosis, ACEI/ARBs could retard the progression of liver fibrosis and/or decrease the serum TGF-β1. 15, 17, [46] [47] [48] [49] In human retrospective studies, ACEI/ARBs could decrease liver fibrosis in patients with chronic liver disease. 27, 28 In patients with recurrent hepatitis C virus infection after liver transplantation, the fibrosis stage and the fibrosis progression index in the liver biopsy obtained at the end of follow-up was significantly lower in patients who were treated with ACEI/ ARBs than in those without the use of ACEI/ARBs. 27 However, the findings pertinent to the effect of ACEI/ ARBs on hepatic fibrosis are still conflicting. For example, in the studies of disease with the same etiology, a pilot study showed that losartan improved liver fibrosis stage in patients with chronic hepatitis C, 29 but continuous ACEI/ ARB use for 3.5 years in a hepatitis C long-term treatment against cirrhosis cohort was not shown to retard the progression of hepatic fibrosis. 32 Of note, these studies are mainly retrospective or pilot, which may limit the validity of the studies and partly contribute to the inconsistencies. The present study provides the first meta-analysis of RCTs investigating the effect of ARBs on the liver fibrosis in humans. Despite heterogeneity among the studies, the analyses show that ARB therapy was marginally associated with the improvement in histological liver score and significantly associated with the improvement in fibrosis area of the liver. The therapy was well tolerated by patients and there were no significant withdrawals.
Hepatic histopathology remains the gold standard of liver fibrosis. Two studies in our analysis evaluated histological fibrosis score of the liver. 30, 44 Our analysis showed that ARB therapy has a trend of positive effect on liver fibrosis assessed by METAVIR system. These two studies are well-designed RCTs with no significant heterogeneity. This may confer more authenticity on the results. One study also evaluated liver fibrosis using Laennec fibrosis 37 Not RCT. The results were demonstrated by percentage of fibrosis stage 2-4 but not mean ± SD which could not be calculated with other studies in the meta-analysis. Sookoian S, 2005 29 Not RCT. The basic fibrosis was not comparable between the two groups. Yoshiji H, 2005 38 The treated group was given both IFN and perindopril while the controlled group treated nothing. Yoshiji H, 2006 39 The results were demonstrated by changed percentage of fibrosis score which could not be calculated with other studies in the meta-analysis. Corey KE, 2009 28 Not RCT. The results were demonstrated by mean of cirrhosis without SD which could not be calculated with other studies in the meta-analysis. Colmenero J, 2009 41 Not RCT. No control group. Cholongitas E, 2010 42 Not RCT. The results were demonstrated by changed mean fibrosis score but not mean ± SD which could not be calculated with other studies in the meta-analysis. Abu Dayyeh BK, 2011 32 The results were demonstrated by percentage of 2-point increases in fibrosis which could not be calculated with other studies in the meta-analysis. Yoshiji H, 2012 31 The treated group was given both IFN and perindopril while the controlled group treated nothing. Guillaud O, 2013 45 Not RCT. The results were demonstrated by change of median fibrosis score which could not be calculated with other studies in the meta-analysis.
scoring system which divided cirrhosis into three subclasses and was believed to have a more detailed estimation of fibrosis, 30, 44 showing that, although no significance in fibrosis according to the METAVIR system, candesartan therapy significantly increased the improvement rate in fibrosis according to the Laennec system evaluated by either intention-to-treat (ITT) (33.3% vs. 11.6%, P = 0.020) or per-protocol (PP) analysis (37.8% vs. 13.9%, P = 0.032). 30, 44 As the modification of METAVIR scoring system, the Laennec scoring system subdivides the liver cirrhosis stage F4 according to METAVIR scoring system into three (4A, 4B, 4C) stages based on fibrosis thickness and nodule size. Studies showed that Laennec scoring system had a significant correlation to the clinical stages of cirrhosis, Child-Pugh and MELD scores, severity of portal hypertension, and the Laennec scoring system might have the potential in predicting the liver-related events because of the sub-classification of cirrhosis. [50] [51] [52] The present analysis also shows that ARB therapy has a significant positive effect on liver fibrosis assessed by the fibrosis area of the liver. With regard to serological fibrosis markers, ARB therapy has no significant effect on type IV collagen and TGF-β1. ARB therapy has a significant positive effect on levels of hyaluronic acid (HA) in two studies 40, 43 although pooled analysis was not performed because of the different measurements of this parameter in the studies. 40, 43 Serum HA measurement is indicated to be a sensitive, specific and reliable marker for assessing the degree of liver fibrosis in chronic liver diseases [53] [54] [55] [56] [57] [58] [59] and monitoring the progressiveness of liver fibrosis and the histological response of hepatic fibrosis to treatment. 53, 60 Comparatively, the serum levels of HA were suggested to be correlated with the degree of hepatic fibrosis more closely and specifically than type IV collagen. 60, 61 The level of plasma TGF-β1 was not suggested to be a sensitive variable for the evaluation of hepatic fibrosis in both adult and child patients with chronic liver disease. [62] [63] [64] Furthermore, it should be noted that a well-designed study included in our analysis assessed the relative expression of TGF-β1 in liver tissue by real-time reverse transcriptase-polymerase chain reaction, showing a significant decrease of the relative expression of TGF-β1 in liver tissue in the candesartan group. 44 Collectively, it appears that ARB therapy is beneficial for the improvement of liver fibrosis, especially when evaluated by more sensitive, specific, and accurate measures such as Laennec fibrosis scoring system and serum HA level.
In all of the studies included in our analysis, the RAS inhibitors used were ARBs. Whether there are some distinctions between ARBs and ACEIs remains unclear. ARBs were shown to be superior to ACEIs in the suppression of hepatic fibrosis in an animal study. 65 Another study, however, showed that ARBs improved only the necroinflammation in paired biopsies but not the fibrosis progression in human. 42 Methodologically, all of the studies included in our analysis are RCTs, but only patients in two studies underwent liver biopsy. 30, 44 Moreover, though the random effects model was used in our analysis when there was significant heterogeneity among the studies, this may still lead to bias and decrease the authenticity and reliability of the analysis. Therefore, more prospective randomized controlled trials, including studies focusing on ACEIs and ARBs to distinguish their possible difference on liver fibrosis, are deserved to elucidate the role of RAS inhibitors in treating liver fibrosis.
In conclusion, this study shows that ARB therapy was associated with a trend in the improvement of histological liver fibrosis score and a significant improvement in fibrosis area of the liver in patients with liver fibrosis. More RCTs of high-quality using more precise evaluation parameters are needed to clarify the effectiveness of ACEI/ ARBs on hepatic fibrosis in human liver disease.
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